The presence and chain length of mycolic acids of bacteria of the genera Corynebacterium, Rhodococcus, Gordona, Mycobacterium, and A,throbacter and of coryneform bacteria containing a type B peptidoglycan were related to the cell surface hydrophobicity ofthe bacteria, which in turn was related to adhesion of the cells to defined surfaces such as Teflon and glass. The onrgin of the overall negative charge of these bacteria is discussed.
Bacterial adhesion is controlled by the hydrophobicity (i.e., cell-water contact angle 0 [measured in degrees]) as well as the negative electrokinetic potential of the cell surface and substratum (26) . The effect of repulsive electrostatic interactions on adhesion decreases with increasing hydrophobicity (26) . Other studies also suggest that hydrophobicity plays a major role in adhesion (6, 22) . Van Loosdrecht et al. (25) reported that cell-water contact angles vary between 21 and 700 without any relationship to a grampositive or gram-negative cell wall type. For the same set of organisms, electrophoretic mobilities ranged from -0.42 x 10-8 m2 V-1 S-1 to -3.09 x 10-8 m2 V-1 s-1. These physicochemical factors reflect the chemical composition of the bacterial cell wall. There exists great diversity in the chemical compositions among different classes of bacteria. Hence, it is difficult to deduce general relationships between the cell wall chemistry and the physicochemical and adhesive properties. However, it should be possible to determine such a relationship for a taxonomically related group of microbial species, such as the coryneform bacteria, whose cell wall composition varies predominantly in the nature and amount of only a few types of chemical units. Recently, the cell wall compositions of bacteria from the genera Corynebacterium, Rhodococcus, Gordona, Mycobacterium, Arthrobacter, and a nonidentified coryneform strain with a type B peptidoglycan (sensu Schleifer and Kandler [19] ) have been characterized and were found to vary, among other components, in the presence and chain length of mycolic acids (3) . These compounds are a-branched ,-hydroxylated long-chain fatty acids synthesized by the Corynebacterium-Mycobacterium-Nocardia group and are covalently bound to an arabinogalactan polymer, which, in turn, is covalently bound to peptidoglycan (14) . Chain Nocardia group bacteria (24) and presumably render the cell surface hydrophobic (9, 23) .
The objectives of this study were (i) to confirm the relationship between the properties of cell surfaces of coryneform bacteria (hydrophobicity and electrokinetic potential) and chemical cell wall composition and (ii) to determine the effect of these physicochemical properties on adhesion on defined surfaces. The assessment of these relationships extends understanding of the molecular basis of adhesion and may help select coryneform strains for biotechnological or environmental applications requiring a specific adhesive behavior. Some of the data have been published previously as a symposium abstract (4) .
Origins and classification of strains. Detailed description of the chemotaxonomic markers of most of the isolated strains has been published (3). In Table 1 Cultivation. Bacteria were grown in shake cultures of 500 ml of brain heart infusion broth (Difco Laboratories, Detroit, Mich.) at 30°C. The medium described by Rijnaarts et al. (17) was used for Rhodococcus sp. strain C125 and R. erythropolis A177. Cells were harvested by centrifugation and washed twice in 500 ml of phosphate-buffered saline (PBS) with an ionic strength of 0.01 M (containing 8.44 mM NaCl, 0.21 mM KH2PO4, and 0.68 mM K2HPO4 in deionized water) and a pH of 7.2. Concentrated cell suspensions were obtained by resuspension in 5 ml of PBS (17) .
Mycolic acids. Silica gel thin-layer chromatography of whole-cell methanolysates was used to detect and classify mycolic acid methyl esters on the basis of their chain length (3) . In addition, for most strains the exact overall number of carbon atoms in mycolic acids was determined by hightemperature gas chromatography of trimethylsilylated (Nmethyl-N-trimethylsilylheptafluorobutyramide [catalog no. (18, 24) . The different peptidoglycan types of the coryneform bacteria under study contain in their peptide side chains or interpeptide bridges amino acids with free carboxyl groups (2, 3) . However, for some mycolic acid-possessing bacteria, such carboxyl groups were found to be amidated (11, 24) , thus reducing the free net negative charges. Consequently, the amount of peptidoglycan and the degree of amidation of free carboxyl groups have to be determined in order to assess the contribution of peptidoglycan to surface charge. However, other compounds that contain charged groups may also contribute to the observed negative cell surface charge. Phosphate-containing teichoic acids were found to be a dominant accessory polymer in the cell walls ofArthrobacter "nicotianae" group strains (7). In cell walls of mycolic acid-possessing bacteria, a phosphate-and carboxyl group-containing lipoarabinomannan has been detected in large quantities (10) . In addition, the covalent phosphodiester bridge between the mycolylarabinogalactan and the muramic acid (14) introduces phosphate groups into the cell wall. Adhesion experiments. Transparent surfaces of PFA-Teflon film (a copolymer of perfluoroalkoxypropylene and polytetrafluoroethylene; Fluorplast, Raamsdonksveer, The Netherlands) and glass (cut from microscope coverslips) were used for adhesion experiments. Glass is hydrophilic (0 = 12°) and PFA-Teflon is hydrophobic (0 = 105°) (17) . Both surfaces have a negative surface potential of -44 + 2 mV in 0.01 M PBS as determined by streaming potential measurements (17) . The adhesion assays were performed with PBS with an ionic strength of 0.1 M, according to method 1 of Rijnaarts et al. (17) . Adhesion data were averaged from triplicate vials, each containing a piece of surface incubated in a suspension of 5 x 108 cells per ml (standard deviation, <22%). Adhesion was determined for six strains selected from the different chemotaxonomic groups and was plotted as a function of contact angle (Fig. 2) .
For all strains, adhesion on Teflon was better than that on glass, except for the hydrophilic "nicotianae" group strain 1.1 (0 = 160), for which adhesion on glass was slightly higher than it was on Teflon. An exceptionally high degree of adhesion on both surfaces was obtained for the coryneform strain 2.2 with a type B peptidoglycan. Rijnaarts et al. (17) showed that the high degree of adhesion of strain 2 (Fig. 2) . This confirms the findings of others (6, 17, 22) 
